Abstract: Background The prevalence of tuberculosis (TB) in low and middle-income countries is a significant public health and social concern. TB is a common infectious disease caused by the Mycobacterium tuberculosis infection, which has a widespread infection rate. Health care-seeking delay maybe one of the most important neglected risk factors for the spread of TB. Objectives The aim of this study was to understand the situation of health care-seeking delay among rural tuberculosis patients in Hubei Province, and explore its risk factors. Methods A total of 1408 rural tuberculosis patients were surveyed using a standard structured questionnaire in three cities of Hubei Province during the past two years. Results For the 1408 cases of pulmonary tuberculosis, 39.70% of them were health care-seeking delayed. Logistic regressions indicate that the Han nationality, farming careers, the over 45 min walk to the township's hospital, and awareness of the national TB free treatment policy, were significantly associated with higher odds of a delay in care seeking. Conclusions The prevalence of health care-seeking delay among tuberculosis patients was high in rural areas. It is essential to take comprehensive targeted interventions to reduce care-seeking delay.
Introduction
Tuberculosis (TB), a respiratory infectious disease which has existed for millennia, remains a serious global health and social problem. China ranks as the third highest among the 22 highest TB burden countries in the world. China records about 1,000,000 TB cases every year [1] , with an estimated prevalence of 459/100,000 [2] for all forms of TB in total. The majority of cases are in rural areas. Timely diagnosis and treatment of TB are beneficial for TB control and prevention [3, 4] . The main target of TB control and prevention is to detect and treat new incident cases as early as possible. However, the target is hard to meet because patients usually go to the health facility late and health care staff may fail to diagnose TB in populations with early classic symptoms [4] . The delays in health care seeking for TB related symptoms are neglected due to both patient and provider factors. A cross-sectional study performed in three provinces in China indicated that average monthly working time and hemoptysis or bloody sputum were significantly associated with delayed initial health care seeking [5] . A recent systematic review which included 10 studies revealed that some socio-demographic factors (including age, gender, and education level) and accessibility of medical institutions were linked with a delay in health care-seeking [6] . In addition, studies at Zambia and Ethiopia found that HIV infections status and getting treatment from holy water or traditional healers were related to delayed health care-seeking [7, 8] . The TB patients' health care-seeking behavior has been proved to be affected by the economic factors in various countries [9] [10] [11] [12] [13] [14] . Delays of health care provider side in diagnosis and treatment are also recorded in African Asian countries [7, 15] .
The phenomenon of delay in diagnosis and treatment, which are the important factors for the treatment failure of TB patients, is particularly pronounced in rural areas of China [2, 4] . However, the neglected delay risk factors in rural areas have not been well studied in China. The purpose of this study was to investigate the health care-seeking behavior of TB patients, and explores the degree of treatment delay and its influencing factors in rural areas of China, thus to provide a scientific basis for China and other developing countries to reduce health care-seeking delay, increasing detection rate, and further optimize the TB prevention and control system.
Material and Methods

Study Location
Hubei Province, with a population of nearly 60 million, is located in Central China. It is a very representative of economy, politics, culture, and geography in China. According to the economic status and geography of various cities in Hubei Province, the three representative areas of Xiangyang City, Huanggang City, and Enshi City were selected as the research sites, and then one hospital was randomly selected from each of the three cities. The participants of this study met the following three criteria: (1) TB patients who lived in rural areas and were registered in the local professional institutions for TB control in the past two years; (2) TB patients who had no psychiatric illnesses; and (3) TB patients who were willing to participate in the study. Finally, 1408 questionnaires were included in the statistical analysis.
Data Collection
Data were collected by trained doctors of TB control institutions using a standard structured questionnaire which was developed based on a review of the published literature [16] [17] [18] [19] . Risk factors associated with health care-seeking delay were collected through interviews. Before the start of the formal study, a pilot study which included 19 male TB patients and 16 female TB patients was conducted to ensure that the questions were clear and understandable to all participants. The questionnaire contained information on the socio-demographic characteristics of TB patients, walk time to the nearest town hospital, previous TB treatment, and awareness of the relevant national policy.
Judgment Criteria of Health Care-Seeking Delay
According to China's Ministry of Health TB prevention and control work manual, if the interval from the emergence of the cough, expectoration, and other symptoms of TB to the first doctor visit is more than 2 weeks, the case will be defined as a health care-seeking delay in the research [20] [21] [22] [23] [24] [25] .
Statistical Analysis
The data were double inputted by Epidata 3.0 (EpiData Association, Odense, Denmark) to accurately set up a database, and then is studied by descriptive analysis and logistic regression analysis with SAS9.0 (SAS Institute Inc., Cary, NC, USA). Before statistical analysis, Markovchain Monte Carlo (MCMC, Tree age Inc., Williamstown, MA, USA) was used to conduct multiple imputations of missing data.
Ethics Statement
Our study was approved by the Institutional Review Board of Hubei Center for Disease Controls and Prevention (2017ADC061), and signed informed consents were obtained from all participants or from patients' representatives if direct consent could not be obtained. The experiment methods were carried out in accordance with the approved guidelines and regulations, and all experimental protocols were approved by the Institutional Review Board of the Hubei Center for Disease Controls and Prevention.
Results
Descriptive Analysis of Basic Situation of TB Patients
The study investigated 1408 TB patients, with an average age of 47.59 (SD = 16.90) years old. The majority of the TB patients are male, accounting for 67.54%. Their average monthly income is 1970.08 yuan, of which a monthly income of less than 800 yuan accounts for 19.74%. In addition, the average time required for the patients to reach the nearest township hospital was31.38 (SD = 27.91) min. Among the 1408 TB patients, 559 cases were delayed in health care seeking, accounting for 39.70%. The specific data are illustrated in Table 1 . Note: Percentages may not add up to exactly 100%, owing to the rounding off.
Analysis of Factors Affecting the Health Care-Seeking Delay of TB Patients
Univariate logistic regression analysis revealed that there were obvious correlations between the health care-seeking delay and the work status, average monthly income, distance to the nearest town hospital, and awareness of the relevant national policy, while other factors have no significant correlation with the health care-seeking delay. Multivariate logistic regression analysis further showed a significant increase in the risk of delayed health care-seeking for patients with Han nationality, farming careers, a distance of over 45 min to the nearest town hospital, or not knowing the relevant national policy, by controlling other factors, while other factors had no significant correlation with health care-seeking delay. The specific data is illustrated in Table 2 . 
Discussion
There are many studies on the health care-seeking delay for TB patients in the Asian, African, and European countries, and the results differ widely in different regions, because of different research objects and methods. Studies have shown that the delay rate ranges from 32.6% to 67.87% [26] [27] [28] [29] [30] . Our current study found that the delay rate in the rural areas Central China was 38.80%, less than some areas, but generally still in a high level. Thus, it is necessary to take efficient actions to encourage TB patients to seek medical help promptly.
Studies have found that the social demographical factors were the main factors influencing the treatment delay of TB patients [31] [32] [33] [34] [35] . Univariate logistic regression analysis showed that work status, income, walk time to the nearest town hospital, and awareness of the relevant national policy were associated with a delay in health care seeking. When adjusting for other factors, ethnicity, occupation, walk time to the nearest town hospital, and having knowledge of the national TB free treatment policy were approved to be risk factors. In our study, we first found that the risk of health care-seeking delay in Han patients and farming patients was extremely high. The non-farming population refers to workers, employees of enterprises, self-employed businessmen, and so on. Compared with this group, farming TB patients were less likely to acquire knowledge and information about TB prevention due to the limitations of their living and working conditions. Moreover, their medical behavior was largely influenced by family economy factors, which might be related to the increased risk of health care-seeking delay. An acceptable theory to explain the increased risk of health care-seeking delay in Han patients, however, is still not agreed upon and needs further study. In addition, the results confirmed the key role of health care accessibility in TB control. Patients who went to medical institutions more than 45 min away were more prone to experience delay in health care-seeking, which suggested that the government should pay more attention to remote rural areas and appropriately increase the allocation of medical resources in rural areas. Moreover, patients who did not know the national TB free treatment policy were proven to be associated with health care-seeking delay. To reduce health care-seeking delay and strengthen TB control, the government should strengthen policy publicity and expand the scope of the free treatment policy. The strengths of our current study are a relatively large sample size in the Hubei province of China and that TB patients were diagnosed by the medical staff of local professional institutions. Sputum smear microscopy was performed first, and if the sputum smear was negative or TB was clinically suspected, a chest X-ray test was carried out. Rigorous methods were applied to ensure that all the examination procedures complied with clinical guidelines. Our study also has some limitations. First and foremost, it is a retrospective study and a recall bias could not be completely excluded for the group of patients with TB. Secondly, the results could be influenced by some confounding factors, such as family support, social stigma to TB patients, and other unexpected factors. Thirdly, the participants included in this study were TB patients who had been registered in the local professional institutions. Patients without registration might have longer delays in health care seeking. Therefore, selection bias might exist in our study. Finally, it is possible that our findings might be applied only to the Chinese rural population [35] .
Conclusions
Taken together, we found that the Han nationality, average monthly income, and the time needed to reach the nearest town hospital have significant effects on health care-seeking delay and proved that the accessibility of health services may affect health care-seeking behavior [36] [37] [38] . However, we did not find a strong link between sex, age, and literacy, and treatment delay, somewhat at variance with other studies [39] [40] [41] [42] [43] [44] . It is worth noting that we should strengthen TB control in remote areas, particularly the areas with unsound medical systems. Moreover, 38.52% of the TB patients do not know the national policies, suggesting the necessity of strengthening the promotion of TB prevention policies and knowledge. Therefore, it is imperative for us to take drastic measures to improve the health care-seeking delay situation in Chinese rural areas from our discovered determinants in the study, especially those easily neglected determinants. In general, these findings provided the first evidence for China and other high-burden countries with TB to formulate effective TB control policies. 
